Abstract-D/H and 180/160 ratios of fumarolic condensate, hot spring water and surface water collected from a volcanic island, Satsuma-Iwojima were determined together with some of chemical components.
INTRODUCTION
Satsuma-Iwojima is a small volcanic island (12 km2) situated about 50km south of Kyushu, Japan (Fig. l ) . The island constitutes a part of the somma of the sub merged Kikai caldera of which area is estimated to be 230km2 (MATSUMOTO , 1943) . There is an active volcano, Iwodake (703m) on the island . Iwodake is one of the central cones (most of which have been submerged) , and is close to the caldera wall which runs NE-SW across the island. The lava of Iwodake consists mostly of glassy matrix with minor amounts of phenocryst composed of augite , hypersthene, and plagioclase (An 48 58%) (MATSUMOTO, 1951) .
A submarine eruption with intense earthquakes in 1934 formed a tiny volcanic island (Showa-Iwojima, 0.15 km') about 3 km east of Satsuma-Iwojima , where the water depth was about 300m. (TANAKADATE , 1935) .
Since a research group of Satsuma-Iwojima was organized in 196 1 , various phases of this volcanic island have been studied such as the chemistry of fumarolic gases (IWASAKI et al., 1962 (IWASAKI et al., , 1966 , volcanic sublimates , alteration products (YOSHIDA et al., 1969) and hot spring waters (KAMADA, 1964) . Even before the organization of the research group, observations of earthquakes during the 1934 eruption (YASUI, 1962) , measurements of fumarolic temperatures (KAMADA and OZAWA, 1958) , and a petrological study on the lava (MATSUMOTO, 1951 (MATSUMOTO, , 1954 The hydrological situation of Satsuma-Iwojima is possibly similar to that of Surtsey Island formed in 1964 some 30km off the south coast of Iceland, and to that of White Island, an andesitic volcano 50km from the coast of Bay of Plenty of New Zealand, since these are solitary volcanic islands in the sea with limited supply of meteoric water. ARNASON and SIGURGEIRSSON (1968) continuously measured the D/H ratio of fu marolic condensates from Surtsey to be about -5 3 ° o (E D, SMOW) with rather narrow spread. This value is quite close to -55 %o of the surface water of the south coast of Iceland. ARNASON and SIGURGEIRSSON (1968) were prudent enough to draw a definite conclusion on the origin of the-water. STEWART and HULSTON (1974) suggested the contribution of sea water to the source water of White Island fumarolic vapor for which they had measured the D/H and "0/"0 ratios.
It has been widely believed that fluids associated with geothermal systems are of the local surface water origin (CRAIG, et al., 1956; CRAIG, 1963) . Supporting evidences based also on isotopic studies were given by McDONALD (1966) for Ngawha, New Zealand, and KUSAKABE et al. (1970) for Nasudake, Japan. However, for many of Japanese thermal waters along the ocean coast, MIZUTANI and HAMASUNA (1972) and MATSUBAYA et al. (1973) concluded that coastal thermal waters are isotopically intermediate between oceanic and local meteoric waters and are regarded as a mixture of the two types of water.
We collected samples of volcanic gases and various types of water from Satsuma Iwojima and analyzed for D/H, 180/160, and chemical components of the samples to see how the volcanic vapor correlates with sea water and the local surface water.
SAMPLE COLLECTION AND ANALYTCAL METHODS
Sampling was made in July, 1967 and the sampling localities are shown in Fig. 1 . Fumarolic gas condensate samples (AF-1, AF-2 and AF-3) from the crater of Iwodake were collected by introducing the steam from a fumarole through a Pyrex glass tubing into a water-cooled trap to condense.
Hot spring waters (EH and FH-3), a ground water (G, being used as tap water on the island) and a rain water (P) were also sampled. The other three fumarolic condensate samples (BF and CF from the crater and DF from the flank of Iwodake), and some hot spring water samples (DH-1 , DH-2, FH-1 and FH-2) were donated by T. OZAWA and M . YOSHIDA of Tokyo Institute of Technology.
All these samples were subjected to isotopic analysis . The fumarolic gases (AF-1, AF-2 and AF-3) were collected in a water-cooled alkaline solution by means of a method modified from that Of MIZUTANI (1962) for chemical analysis. To determine hydrogen isotope ratios, about 10mg of water sample was reduced to hydrogen on heated metallic uranium as described by BIGELEISEN et al. (1952) and FRIEDMAN (1953) , and the D/H ratio of the hydrogen was measured on a mass spectrometer. For 180/160 ratio determinations, the carbon dioxide gas which was equilibrated with a water sample at 25°C (EPSTEIN and MAYEDA, 1953) was run in a mass spectrometer. The isotopic ratios were expressed as S values relative to SMOW standard (CRAIG, 196 1 a). Overall accuracies are estimated to be ± 1 %o for S D and ±0.3 %o for S 180.
Chemical analyses of fumarolic gas condensates in alkaline solutions followed the method developed by MIZUTANI (1962) and OZAWA (1966) except for CO-2 determina tions. The carbon dioxide was determined by the following manner.
To an aliquot of the oxidized (by H202) alkaline sample solution , Ba(OH)2 solution was added in ex cess to form BaCO3 and BaSO4 precipitate.
The excess barium in the solution was determined by chelate-titration. The carbon dioxide concentration was worked out by subtraction of sulfate concentration determined by the conventional gravimetry .
The residual gases such as hydrogen, nitrogen and so on were analyzed on a gaschromatograph.
The outlet temperature of fumaroles was measured by a calibrated alumel chromel thermocouple.
RESULTS AND DISCUSSION
According to our observation at Nasudake volcano, Japan (WADA and SUZUOKI, 1967) , the concentrations of some of the components in volcanic gases vary to a great extent in a very short period of time. The one-shot analysis could give inadequate information on the chemical nature of volcanic gases from a particular fumarole. In order to check the constancy of chemical composition of volcanic gases with time, continuous sampling of condensed water was made on the fumarole AF-3 (487°C) for chemical analysis and on two fumaroles AF-1 (659°C) and AF-3 for isotopic analysis at the time interval of 10 minutes for 2 hours.
The results of analyses are presented in Tables 1 and 2 . In the case of AF-3 fumarole, the maximum variation of CO2 content was about 17% around the averaged value. Those of total-S, HC1 and HF were 6, 4 and 7%, respectively. In the case of Nasudake volcano, however, the variation of CO, content under the same sampling condition as that of Satsuma-Iwojima was 30%, and those of Total-S and HCl were 40 and 50%, respectively. SD and S'$O values of AF-1 and AF-3 fumaroles were roughly constant, while S's0 of Nasudake volcano varied almost 10 times more than the variation range of AF-1 and AF-3 (SuzuoKl, 1967) .
From these results, we may safely conclude that the chemical and isotopic compositions of the volcanic gases of Satsuma-Iwojima are rather constant within the time period of at least an order of hour. When we compare the results of the one Table 1 The relationship between 5D and 5180 of various types of water collected in this volcanic island is shown in Fig. 2 . The pattern found in Fig . 2 is similar to those of the other geothermal areas. The common features are; a) surface waters are on the meteoric water line (CRAIG, 1961 b) , b) fumarolic condensates are slightly high in iD and quite high in 5180 as compared with those of the surface water , and c) 6D and 5180 values of hot spring waters are distributed between those of the surface water and fumarolic condensates.
The values of 5180 of the condensates (+7 +9 %o) are definitely higher than those of other Japanese volcanic condensates such as -1 0%o of Showa-Shinzan (KUSAKABE, unpublished data) and -7 -5 %o of Nasudake (KUSAKABE et al., 1970 ) and close to +6 +9%o of Kuju (SUGISAKI, personal communication) . The lave of the central volcano (Iwodake) of this island consists of two-pyroxene andesite (MATSU MOTO, 1951) of which the bulk 5180 value may be close to +6 +8%o of Japanese andesitic rocks (MATSUHISA, 1973) . The 5180 value of the condensates is almost the same as that of the lava. This indicates that the vapor coming out of the fumarole is mostly of the water that has been subjected to a thorough interaction with the rocks in regard to oxygen isotope exchange at or close to the "cross-over" tempera ture.
Most of the condensate samples were Collected from the crater of Iwodake, of which diameter is 400 500m and the depth from the rim is about 50m. There are a variety of temperature, chemical composition and isotope ratios of fumarolic gases even in such a small area. In AF series (3 fumaroles), 5180 is almost identical (+7.3 +7.8%o) while 5D changes from -27 to -20%o. When we include 5180 and 5D values of BF and CF (also inside the crater), the range of 6180 expands from +7.3 to +9.5%o and 5D ranges from -27 to -17%o.
Both SD and 5180 values of the fumarolic con densates are clearly higher than those of the local surface water. As already mentioned the high 5180 of the fumarolic condensates can be attributed to "oxygen isotopic shift". On the other hand, we can not find any definite evidence of the contribution of sea water to the fumarolic condensates that results in high 5D values of the con densates.
At the present time, we have no account for the high 5D values of the fumarolic condensates. There is isotopically an intermediate group (hot spring water) between two distinct groups, i.e., fumarolic condensates and the local surface water as seen in Fig.2 . On the basis of the relationship between liD and chloride concentration, the inter mediate group can not be concluded to be formed by the mixing of sea water and the local surface water. Since there is no unique value of chloride concentration for the fumarolic condensates, we can not assume that the intermediate group is a mixture of fumarolic condensate and the local surface water. On the other hand , the possi bility that the intermediate group consists of the water which originates from the local surface water and has been subjected to oxygen isotopic shift is suggested . If this is the case, the chemistry of the water is not preserved in the process of oxygen isotopic shift.
It is to be noted that the water of EH can be regarded as a mixture of the local surface water and sea water on the basis of both SD and chloride concentration . EH is a hot spring situated at the shore line just outside the rim of Kikai caldera . In this respect EH is a singular hot spring in Satsuma-Iwojima . In this particular hot spring, the volcanic activity seems to furnish only heat and not to affect the isotopic and chemical characteristics of the water. 
